INTRODUCTION
Total mesorectal excision (TME) has become the standard surgical method for rectal cancers, reducing local recurrence rates and increasing overall survival [1] . Advances in laparoscopic surgery have resulted in laparoscopic TME replacing traditional open TME, with laparoscopic rectal cancer surgery yielding better short-term outcomes and similar longterm oncologic outcomes compared with open surgery [2] [3] [4] . Laparoscopic TME, however, remains technically demanding in patients with a narrow pelvis, bulky tumor, or obesity, resulting in a high open conversion rate of up to 34% [2] . These challenges have been overcome by the development of the transanal approach, which has been shown to be feasible in patients with rectal cancer [5] [6] [7] [8] [9] [10] .
The transanal approach has been shown to avoid the need for a permanent colostomy in patients with low-lying rectal cancer after preoperative chemoradiotherapy [11] . Initially, a fullthickness circumferential incision is made at the dentate line, ensuring a sufficient distal margin to the tumor and sparing the anal sphincter muscle. When first introduced, however, this procedure did not use laparoscopic instruments or a transanal platform [11] .
The conventional laparoscopic approach has led to the development of natural orifice transluminal endoscopic surgery (NOTES) for TME, frequently involving the transanal route [6] . The first reported transanal TME in a human patient using a transanal endoscopic microsurgery (TEM) platform involved transabdominal laparoscopic assistance [6] . Because NOTES procedures have many technical challenges, including reliable closure of the visceral opening, triangulation of instruments, and stable tissue retraction, these methods must be evaluated thoroughly before NOTES becomes universally accepted as standard clinical practice [8] . This pilot study was therefore designed to evaluate the safety and feasibility of transanal TME in patients with rectal cancer, including an evaluation of technical requirements and pitfalls that may be encountered with this technique.
METHODS
This study enrolled 12 patients with biopsy-proven rectal adenocarcinoma who underwent transanal TME from September 2013 to August 2014 at the National Cancer Center, Goyang, South Korea. All investigations were conducted accord ing to the principles in the Declaration of Helsinki. The ethics committee of the National Cancer Center approved this study (NCCCTS-13681), and the protocol was registered at clinical trial. gov (NCT01938027).
All patients underwent standard tumor staging, including digital rectal examination; flexible endoscopy; pelvic MRI; CT of the chest, abdomen and pelvis; and measurement of serum concentrations of CEA level. Eligible patients were aged 20 to 80 years, with clinically staged T1, T2, and T3 node-negative rectal adenocarcinomas located 4-12 cm from the anal verge without involvement of mesorectal fascia on pelvic MRI, and no evidence of distant metastasis. Patients with T4 tumors, inflammatory bowel disease, previous colorectal malignancy, or extensive prior abdominal or pelvic surgery were excluded. Pregnant women, patients categorized as American Society of Anesthesiologists class 3 or 4 or with an Eastern Cooperative Oncology Group score greater than 2, or those with a body mass index (BMI) greater than 30 kg/m 2 were also excluded. Patients with T3 tumors underwent standard preoperative external beam radiotherapy with 50.4 Gy and 5-fluorouracil based concurrent chemotherapy, if indicated. Surgery was performed 6-8 weeks after the end of the neoadjuvant treatment. Patients received postoperative 5-fluorouracil based adjuvant chemo therapy for 4 months. A protective loop ileostomy was constructed as decided by each individual surgeon, and intestinal continuity was re-established after completion of adjuvant chemotherapy. Diet was resumed as soon as the first flatus had been passed. Anal sphincter function was evaluated by the Wexner fecal incontinence score preoperatively and 3 months and 1 year postoperatively [12] . In patients who underwent diverting ileostomy, anal sphincter function was evaluated after stoma repair. The quality of the mesorectum was scored using three grades: complete, nearly complete, and incomplete [13] . Complete was defined as an intact mesorectum with minor irregularities of a smooth mesorectal surface; no defect was deeper than 5 mm, there was no coning toward the distal margin of the specimen, and slicing showed a smooth circumferential resection margin. Nearly complete was defined as moderate bulk to the mesorectum, but irregularity of the mesorectal surface; moderate coning of the specimen was allowed; and the muscularis propria was not visible at any site, except for the sites of insertion of the levator muscles. Incomplete was defined as little bulk to the mesorectum with defects extending onto the muscularis propria and/or very irregular circumferential resection margins.
The circumferential resection margin was considered positive when the distance from the tumor to the margin was ≤1 mm [14] . After surgery, tumor stage was assessed according to the TNM classification system. Additionally, the maximum diameter, length and location of the tumor were recorded.
The primary endpoint was TME quality. Secondary endpoints were number of harvested lymph nodes and 30-day post operative complications. Patient and tumor characteristics, opera tive findings, and length of hospital stay were also recorded. Quantitative data were reported as medians and ranges.
Surgical technique
All patients underwent bowel preparation and received prophylactic antibiotics. Under general anesthesia, patients were placed in the lithotomy position for both the abdominal and transanal procedures. To ensure the safe and efficient completion of both, 2 laparoscopic systems were used, each with its own insufflator, camera and monitor. In all cases, transabdominal and transanal approaches were performed simultaneously by two colorectal surgeons.
Transabdominal procedure The abdominal procedure was performed laparoscopically using a single port device (Octoport, Dalim, Seoul, Korea) on the potential ileostomy site of the right iliac fossa, with or without one or 2 additional ports on the left side of the abdomen, which is usually used as the site of intraperitoneal drainage (Fig. 1) . In all cases, a rigid 30 degree, 10-mm camera was used. Pneumo-peritoneum was created using a standard laparoscopic insufflator at a pressure of 12-14 mmHg, with 30 L/min CO 2 flow.
Low ligation of the inferior mesenteric vessels (IMA) was performed while thoroughly clearing all lymph nodes at the base of the IMA and preserving the ascending colic branch. Mesorectal dissection was performed, taking care to preserve the autonomic nerve, until the level of the Douglas pouch was reached, where the abdominal dissection usually met the transanal procedure. The splenic flexure was mobilized when bowel length was not sufficient for anastomosis.
Transanal endoscopic TME The perineal region was prepped and draped, and the rectum thoroughly rinsed with a betadine solution. After a digital rectal examination and after confirming the location of the rectal tumor, the anal sphincter was gently dilated manually. A Scott retractor (Lone Star Medical Products, Houston, TX, USA) was inserted and left in place for the duration of the procedure. This retractor facilitated the full-thickness circumferential transection and insertion of a GelPOINT path platform (Applied Medical, Rancho Santa Margarita, CA, USA) ( Fig. 1) .
If the tumor was located within 2-3 cm from the anorectal ring, a full-thickness circumferential rectal incision was made, followed by dissection to free up 2-3 cm from the anorectal ring. These procedures were usually performed under direct vision because the GelPOINT path for transanal rectal dissection requires fixing the sleeve portion to the anal canal. After secure closure of the rectal stump with 2-0 Prolene pursestring sutures, the surgical field was irrigated with povidoneiodine solution and normal saline to prevent the implantation of cancer cells and infection.
For more proximal tumors, a GelPOINT path was introduced into the anal canal immediately prior to beginning the transanal minimally invasive procedure. After marking by electric diathermy just distal to the suture closure, tight 2-0 Prolene purse-string sutures were placed within the rectum to close the lumen distal to the tumor. A pneumorectum or pneumoperirectum was created using a standard laparoscopic insufflator at a pressure of 6-10 mmHg and a CO 2 flow of 5-10 L/min. A standard flexible 10-mm camera and conventional laparoscopic instruments were used.
Posterior rectal dissection was usually performed initially. After sufficient dissection of the posterior aspect, the dissection was maintained anteriorly, then circumferentially, to the lateral part to identify the pelvic autonomic nerve. The neurovascular bundles were identified at the 2 and 10 o'clock positions during anterolateral dissection, during which bleeding and consequent nerve injury were anticipated.
Extraction of tumors and anastomosis After complete pelvic dissection, the resected specimens, including the tumors, were extracted through a single abdominal port. Depending on the level of the distal rectal incision, a colorectal or coloanal anastomosis was made. When the distal rectal transection was made in the anal canal or near the anorectal ring, a hand-sewn coloanal or colorectal anastomosis was performed. When the distal transection was more proximal, double purse-string sutures were placed in the proximal and distal bowels, allowing a single-stapled ana stomosis to be made using a circular stapler [15] . Because mobilization of the distal rectum is technically demanding when using the transanal approach, it is difficult to utilize full-thickness pursue-string sutures in the distal rectum [14] . Therefore, if indicated, additional distal rectal dissections were performed in the abdominal phase, while inserting a spike Jae Hwan Oh, et al: Transanal TME for rectal cancer A B of the shaft for stapled anastomosis through the center of the purse-string suture.
RESULTS
Between September 2013 and August 2014, 12 patients (7 males and 5 females) underwent transanal endoscopic TME with laparoscopic assistance. Patient demographic and tumor charac teristics are summarized in Table 1 Table 3 . Median time to first flatus was 2 days (range, 1-6 days) and median overall hospital stay was 9 days (range, 8-21 days). Six patients experienced postoperative complications, including 3 with ileus, 2 with urinary dysfunction, and 1 with wound infection at the stoma site. All 6 patients were managed conservatively and all fully recovered within 3 weeks after the operation. There were no postoperative deaths.
Pathologic outcomes are summarized in Table 4 . The median specimen length was 13.6 cm (range, 12.5-26 cm), and the median long tumor diameter was 1.9 cm (range, 0-3.2 cm). Six lesions were anterior or anterolateral, 3 were posterior or posterolateral and 3 were lateral. The TME quality of specimens was complete in 9 patients (75.0%), nearly complete in 2 (16.7%) and incomplete in 1 (8.3%) (Fig. 2) . Distal resection margins (DRM) were greater than 5 mm in all patients, with a median DRM of 18.5 mm (range, 6-97 mm). Circumferential margins were greater than 1 mm in 11 patients (91.7%) defining them as negative. The median circumferential margin was 10 mm (range, 1-17 mm), and the median number of harvested lymph nodes was 15 (range, 9-21). More than 12 lymph nodes were harvested from each of 10 patients (83.3%).
An ileostomy was constructed in 10 patients (83.3%); of these, 8 underwent ileostomy closure within 4 months after transanal TME. The remaining 2 patients underwent closure within 1 year. At a median follow-up of 19 months (range, 14-25 months), none of these patients showed evidence of recurrence.
None of the 12 patients reported preoperative fecal incontinence. At a median follow-up of 17 months (range, 6-23 Jae Hwan Oh, et al: Transanal TME for rectal cancer months) after restoring bowel continuity, continence was intact in 8 patients (66.6%), 2 (16.7%) had mild fecal incontinence. and 2 (16.7%) had moderate to severe fecal incontinence, resulting in lifestyle modifications. These 2 patients had Wexner fecal incontinence scores of 8 and 14, respectively, whereas the other 10 had scores ranging from 0-2.
DISCUSSION
The present pilot study was designed to assess the feasibility and safety of transanal TME for rectal cancers, including the adequacy of oncologic resection and perioperative outcomes, prior to initiating a larger phase II study. This study found that complete or nearly complete TME was achieved in 11 of 12 patients (91.7%), with none requiring conversion to open surgery.
Since the first description of NOTES transanal endoscopic rectosigmoid resection in cadavers [16] , extensive experimental work by our group and others demonstrated the feasibility and safety of this approach in swine [17, 18] and in human cadavers [19] . Transumbilical rectosigmoid resection in swine using a single port device was also developed as an intermediate technique for "pure" NOTES [20] . Single port rectosigmoidectomy in swine was safe, but remains challenging for pelvic dissection. In contrast, "pure" NOTES rectosigmoidectomy using TEM may be a promising tool for pelvic dissection [18] . Indeed, a phase 2 single-arm clinical trial showed that single-port laparoscopic sigmoidectomy through the umbilicus was safe and oncologically feasible in selected patients [21] .
Our study found that the median operating time was 195 minutes, comparable to or slightly shorter than the time required for conventional laparoscopic TME [3, 4] . Theoretically, simultaneous performance of transabdominal and transanal approaches can shorten the operation time. We found that the median time to peritoneal communication was 78 minutes, shorter than expected when testing this new technique. The operation time was reported to be shorter for transanal endoscopic TME than for conventional laparoscopic TME when the abdominal and perineal approaches were performed simultaneously [22] . This technique, however, requires the participation of 2 surgeons in a single operating room, using 2 separate laparoscopic systems for the simultaneous abdominal and perineal approaches. Moreover, this method may result in high medical costs. The estimated blood loss in our study was similar to that reported previously [3, 5, 8] . One patient, however, developed unexpected intraoperative bleeding while undergoing lateral dissection using the transanal approach. This bleeding was successfully controlled by gauze compression and application of a sealing device. Care must be taken to avoid dissection of the wrong plane beyond the proper lateral plane, as this can cause unexpected bleeding.
Although the morbidity rate in our patients was higher than expected, all patients were managed conservatively. Three patients developed transient ileus, with 2 managed by nasogastric tube drainage for up to 3 days and 1 without nasogastric tube drainage. Although urinary dysfunction is another possible postoperative complication, especially since the patient's anatomy may be unfamiliar when using transanal approaches, only 2 of the 12 patients (16.7%) in this study experienced urinary dysfunction, comparable to the rate after conventional laparoscopic TME (up to 20%) [23] . One patient underwent Foley catheter removal at an outpatient clinic 3 weeks after surgery, whereas another was managed medically A B without Foley catheter insertion. Most early series and case reports on transanal TME found that this procedure yielded excellent resection quality, with negative margins and intact mesorectal envelopes [23] . Our preliminary series also showed excellent TME quality, comparable to that of conventional laparoscopic TME [3] . Circum ferential resection margin has been associated with the outcome of TME. For example, the risk of local recurrence within 2 years after surgery was higher in patients with margins within 2 mm (16.0%) than in patients with margins greater than 2 mm (5.8%) [24] . In contrast, another study defined an involved circumferential resection margin as ≤1 mm [14] . Irrespective of the cutoff margin, only 1 of the 12 patients (8.3%) in this study had a positive circumferential resection margin, comparable to the rates reported for conventional laparoscopic surgery [3, 4] .
The key to successful dissection around the mesorectum is visualization of the loose areolar tissue surrounding the mesorectal fascia, called the "holy plane". As in the traditional top-down approach, coning in can be avoided by making this dissection at a markedly caudal angle, thus allowing for the steep angle between the anal canal and posterior levator ani muscle, requiring a steep posterior turn at the onset of the procedure [15] . In our experience, the crucial technical step is closure of the distal rectal lumen by tight purse-string sutures, preventing cancer cell contamination and air inflation of the bowel. An efficient sequence of mesorectal dissection is posterior, anterior then lateral. After partial dissection of the posterior mesorectum, the specimen can be retracted more easily, allowing clear visualization and dissection of the anterior and lateral planes. Transanal endoscopic TME is basically a type of single port surgery, which has difficulties in internal and external conflicts of instruments, tissue retraction and exposure. However, it also has the advantages of laparoscopic surgery, such as a magnified view and pneumodissection of loose connective tissues. In patients with low-lying tumors, rectal dissection was started from the intersphincteric plane without transanal platforms. In these patients, the appropriate dissection layer on the anterior side is usually obscured by intermingled muscle fibers at the level of the inferior border of the prostate and vagina, with appropriate dissection being very important to prevent urethral injury in males. After the correct dissection plane between the rectum and prostate/ vagina is identified, this plane is relatively easy to maintain circumferentially, with good exposure afforded by the endoscopic view.
Surgeons performing transanal TME procedures must be trained for both laparoscopic and transanal surgeries with advanced platforms, such as TEM, transanal endoscopic operation, and transanal minimally invasive surgery [5, 6, 9] . The learning curve for transanal TME procedures has not been determined, although surgery on animals and human cadavers may be helpful in overcoming the learning curve. Those beginning transanal TME must learn the anatomical view during the transanal approach and be guided by more experienced surgeons in determining the correct plane. Participation in a database registry is helpful as method for personal auditing.
Only 2 of the 12 patients (16.7%) in this pilot study developed moderate to severe fecal incontinence. Both were males with high BMI and low lying tumors, requiring coloanal anastomosis. This finding is comparable with previously reported rates of fecal incontinence after transanal TME (5.7%-60.0%) [5, 9, 10] . Large-scale prospective trials are needed, however, to evaluate long-term functional and oncologic outcomes.
The major limitations of this preliminary study were the small sample size and short-term follow-up. In addition, the IMA were not divided using a transanal approach, a key procedure of NOTES. This may become possible in the near future, as novel devices and instruments for transanal approaches are developed.
In conclusion, this pilot study has demonstrated the feasibility and safety of transanal endoscopic TME with laparoscopic assistance for rectal cancer. Larger multicenter prospective stu dies are warranted to evaluate long-term oncologic and functional outcomes.
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